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A BASIC STUDY OF VACUUM-FUSION ANALYSIS
j[ OF REFRACTORY METALS FOR GASES

I ABSTRACT

[ Various techniques for determination of oxygen in the refractory metals columbiumn,
tantalum, molybdenum, and tungsten by the vacuum-fusion method were evaluated. The
platinum bath at 1900 C and a Pt:M ratio as low as 1:1 is satisfactory for columbiurn and
tantalum. An iron bath at 1650 C and a maximum molybdenum or tungsten content of 30
per cent is recommended for molybdenum and tungsten. Hydrogen absorption by a
I I-upealite-Ascarite mixture was shown. This leads to some error in oxygen analysesI made with this absorbent. The use of a gas chromatograph and internal gas standard for
analysis of vacuum-fusion gases was demonstrated.
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INTRODUCTION!
The vacuum-fusion method is the principal and most reliable means of determining[ gases in metals. Achieving its successful application to the refractory metals colum-

bium, tantalum, molybdenum, and tungsten is of current interest. Studies with this goal
were recommended by the MAB Panel on Analytical Problems in Refractory Metals as
covered by Report MAB-154-M-(l), Volume II - Panel Reports, Chapter III. In addition
to the need to evaluate and improve the analytical procedures j.er se there is a need for
a critical study of design of apparatus components such as furnace, piumps, gages,
connecting tubing and volumes, catalyst tubes and freezing traps. Moreover, the per-
formance of oxidizing catalysts and gas adsorbents needs investigation for efficiency,
selectivity, and contribution to blank gases. Such studies could lead to minimizing
blanks, one of the main deterrents to precise and accurate analyses in the range of I to
10 ppm oxygen. They would also reveal whether side reactions of catalysts and adsorb-
ents are preventing exact quantitative fractionation of the extracted gases.

With these goals in mind, a research program was set up which included some
items for which immediate conclusions could be reached and others which might require
continued effort over several years. The results of the study are conveniently grouped
as pertaining either to analytical techniques or apparatus design.

I SUMMARY

I The performance of several vacuum-fusion techniques for determination of oxygen
was evaluated in application to the refractory metals columbium, tantaltum, molybdenum,
and tungsten.

I Columbium

Use of the platinum bath at 1900 C with 1. 5-g samples and an extraction time of
30 rnin is recommended. The Pt:Cb ratio may be as low as 1:1 for the final sample.

The technique of diffusion extraction at 2000 C for 30 rain gave results which ranged
from perfect agreement to 4 per cent lower than those by the platintun bath.

The platinum-flhx technique is unsatisfactory because of the high oxygen content of
the platinum.

A linitcd study of accuracy of the oxygen analysis for columbium was inconrlnsive
because of the difficulty of obtaining low-oxygen metal.

Tkntalwnt

'', plI itium-bath techniquc gave excellent results for oxygen in tantailum under the
sam e c ciditiou rt uc l e l iit d-d for Lolunbiwn.
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Diffusion extraction at 2000 C for 30 min gave very reproducible results but they

averaged about 10 per cent lower than those obtained by vacuum fusion.

Oxygen-doping experiments with the analysis made by diffusion extraction gave

results about 10 per cent lower than the nominal oxygen content. Further experiments

with analysis by platinum bath are recommended.

Molybdenum

Analysis of molybdenum by the iron-bath technique at 1650 C and a 20-min extrac-
tion gave good reproducibility at the 3 -ppm oxygen level. A platinum-bath technique for
molybdenum appeared unsatisfactory. Extraction at 2000 C for 30 min with a Pt:Mo
ratio of 30:1 to 10:1 gave results slightly higher than those obtained with the iron bath.

Tungsten

Oxygen analysis of tungsten with an iron bath at 1650 C for 20 to 30 min and a
maximum tungsten concentration of 30 per cent appeared satisfactory for Z-g samples.
Samples weighing 0.2 g gave erratic results. Analyses with a platinwn bath at 2000 C
for Z0 min were erratic. Even with a Pt:W ratio of 10:1 samples were incompletely
dissolved. Reproducible results were obtained at 1900 C but it is believed the same
results could be obtained by diffusion extraction in the absence of the bath.

.H.opcalite-Ascarite Absorbent

The raipid and complete absorption of CO in 3 to 5 min at room temperature was
confirmed. However, it was demonstrated that this absorbent also gave a slow and
continuous hydrogen absorption. This effect, tinder certain circumstances, could lead
to serious error in oxygen analyses.

Gas Chromatography of Vacutu--Fusion Gases

The applicability of a dual-coltunn, dual-detector gas chromatograph to the analysis
of gases extracted by vacuum fusion was demonstrated. Methane was used as an internal
standard. A direct comparison was made of analysis by the gas chromatograph and low-
pressure fractiunal freezing.



EVALUATION OF ANALYTICAL TECHNIQUES

EXPERIMENTAL PROCEDURES

Materials!
An effort was made to obtain several hundred grams each of columbium, tantalum,

molybdenuhi, and tungsten. These metals were to contain <100 ppm oxygen which was
to be in homogeneous distribution. As it turned out 1IZ-in. -diameter bar stock of both
columbium and tantalum was obtained from Wah Chang Corporation. The manufacturer
reported that the metal was prepared from presintered, powder metal bars double arc
melted in a consumable-electrode vacuum arc furnace to 5-in. -diameter ingots. Ingots
were scalped, cropped, and ultrasonically tested, then cold forged to 1-1/2-in, diam-
eter and machine conditioned. The forging was cold swaged to oversize and centerless
ground to size. The greatest impurity in the columbiurn (Battelle Lot B) was reported
as <500 ppm for both tantalum and zirconium and <200 ppm tungsten. The tantalum con-
tained <200 ppm tungsten and <100 ppm of each of several other elements. Oxygen was
reported at <50 ppm (top) to 120 ppm (bottom) in the columbium ingots and <50 pprm (top
and bottom) in the tantalum. Battelle analyses showed these values to be much too low.

A similar lot of columbium (Battelle Lot A) from the same source was found in
stock in the Battelle laboratory. This contained about 40 ppm oxygen.

A small lot of 50-mil tantalum sheet containing about 7 ppm oxygen was also found
in stock.

Efforts to obtain other tantalum and columbium samples containing <10 ppm oxygen
were unsuccessful. One company informed us that their "equipment is not refined enough
to produce this low a level of interstitial". Also, six 1/4 x 1-3/4-in. slices of electron
beam-melted tantalum reported by the supplier, another company, to contain 13 ppm

oxygen analyzed 51 to 138 ppm. This material waij returned for credit.

The 1/4-in. -diameter molybdenum wrought bar (0.02 per cent carbon) was pur-
"chased from the Climax Molybdenum Company of Michigan.

Two 1/8-in.-diameter by 6-in. -long zone-purified tungsten rods were supplied by
Mr. Judson Graab of NASA.

Platinum for baths consisted of 50-mil wire analyzing about 20 ppm oxygen and

No. 4 gage wire analyzing 1 1 ppm oxygen.

Methods and Techniques

The methud.- Anmd te'chniquesi investigated are given for the individual metals as
rmtperted under "Experimtental Results". At the start of this study the known trrethodsi
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were essentially those described by Mallett(1 ). Several phase diagrams pertinent to the
various vacuum-fusion bath compositions are given in the Appendix.

EXPERIMENTAL RESULTS

Columbium

Platinum-Flux Technique

A number of experimental oxygen analyses were made on some high-purity, double
arc-melted columbiurm rod from the Wah Chang Corporation. This material was desig-
nated by Battelle as Lot A. Several determinations were made by a platinum-flux
"technique with a Pt:Cb ratio of 7:1, and a 30-min extraction at 1900 C. The platinum
flux in the form of 50-mil wire was wound tightly around the sample. This technique
has been highly successful for titanium.( 2 ) Resu'ts for l-g samples ranged from 20 to
120 ppm oxygen. About 50 ppm of the discrepancy was due to apparent variation in the
oxygen content of the 50-mil platinum-wire flux. In some cases the total oxygen blanks
from platinum were as high as 150 pprn. Furnace blanks were equal tu only 10 to 15 ppm
oxygen. Because of the large blanks and variations therein it was decided that applica-
tion of the flux technique to columblumn was not practical, particularly for oxygen con-
tents below 100 ppm.

It will be shown later that the advantages of dissolving columbium samples in
platinumn are better obtained with the platinum in the form of a bath which can be degassed
before dropping samples.

Platinum-Bath Technique

The 6-ft length of l/2-in.-diameter high-purity, double arc-melted columbiUm rod
purchased from Wah Chang Corporation (Lot B) was spot checked for homogeneity of
oxygen content. Eight samples from positions scattered throughout the length of the rod
yielded values of 121 to 157 ppm by diffusion extraction at 2000 C. Adjoining samples
tended to give duplicate results. Hydrogen was quite uniform, ranging from 6 to 8 ppm.
Nitrogen ranged from 24 to 37 ppm and was not necessarily a function of position of
sample in the rod.

Eight other Lot B columbium samples from consecutive positions in the rod were
analyzed by the platin:un-bath technique at 1900 C for 30 rnL;.. The samples weighed
1.5 g each and the Pt:Cb ratio was 4:1. Oxygen averaged 163 ppm with a standard
deviation of 5. 3 ppm an! a coefficient of variation of 3. 3 per cent. This demlonstrate-s
tht good reproducibilitv of results by this analytical technique. The individual cesults

in the orde obtained art.e iven in Table 1.

(I) M. W. MI1llctt. Talanta. Q. 133-144 1 ).

(2) \. R. aimincn, hi. W. .•,tallit, wd M. . Ttzcciak, Analytical Chemistry. 31, 1237 (N59).



TABLE 1. OXYGEN IN COLUMBIUM USING
A BATH OF Pt:Cb = 4:1

Oxygen, ppm (X - X) (X - X)2

168* 4 (a) 5 25
154 -9 81
165 2 4
161 -2 4
168 5 25
159 -4 16
169 6 36
161 -2 4

X= 163 Z= I Z; 195

Note, Standard deviation = 5.3 ppm
Coefficient of variation - 3.3 per cent.

(a) Precision of measurement.

In the interest of finding a means of conserving platinum, a further series of
analyses was made with a platinum bath with Pt:Cb = 1:1 by weight. Platinum additions
were made before dropping each sample so that the exact 1:1 ratio existed for each
analysis. Extractions were made with 1. 5-g samples of Lot B columbium at 1900 C for
20 min with consecutive results as given in Table 2.

TABLE 2. OXYGEN IN COLUMBIUM USING
A BATH OF Pt:Cb 1:1

Sample Oxygen, ppm Sample Oxyge!n, ppm

1 169 7 150
2 165 8 165
3 166 7 168
4 163 10 152
5 169 11 171
6 153 12 155

I Note: Average 1GW ppmn
Standard deviation .7. 5 ppm

i Coeffic•ent of vailaion = 4, G Ni tont.

It is seen that these results compare very favorably with those obtained where the
minimtum ratio of Pt:Cb - 401. Since the 1:1 weight ratio becomes on a volu.rne basis,I 1t:Cb = 0.4:1 it is not advisable to reduce the ratio further. Our latest turnaround cost
fOr phitinwn is $0. 63 per gram. On this basis, the platinum cost per saniple is $0.95
which is certainly very reasonable.

i7
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Diffusion-Extraction Technique

Eight other samples of Lot B columbium from the same section of the rod as
analyzed by the platinum-bath technique were analyzed by diffusion extraction(3 ) at ?.000 C
for 30 min. Oxygen averaged 157 ppm with a standard deviation of Z. 0 ppm and a
coefficient of variation of 1. 3 per cent as shown in Table 3. It is seen that the repro-
ducibility of results by this method is excellent. However, the average result is lower
than the platinum-bath average by 6 ppm or 3.7 relative per cent. A. similar discrepancy
of about 10 relative per cent was noted for tantalun analyzed by the two methods as will
be shown later. Since the same bias was found for the oxygen-doping experiments, (to
be described later), it must be concluded that some oxygen is unaccounted for by the
diffusion-extraction technique. This is consistent with reports of volatile suboxides
produced by columbium and tantalum. It appears that at least a portion of these sub-
oxides is not converted to CO during diffusion extraction. For routine analyses or
detecting changes in composition at the >100-ppm level, this discrepancy is not important.
However, where absolute values are required as in the doping experiments, it appears
that the diffusion-extraction technique cannot be used.

TABLE 3. OXYGEN IN COLUMBIUM BY
DIFFUSION EXTRACTION

Oxygen, ppm (x - X) (X -

!59 ± 4 2 * 4
157 0 0
159 2 4
159 2 4
153 -4 16
156 -I I
157 0 0
157 0 0

X= 157 Z1 2= 29

Note: Siaiiidaid deviatloii 2.0 ppm
Coeofidcleli of vathillOll = 1. 3 per ('Clit.

In a further comparison of the platinunl-bath and diffusion-extraction methods six
saniples of Lot A coltulbitor were analyzed at 1900 C for 30 min in a platintrn bath
(Pt:Cb - 4:1) of melted and degassed wire. Analyses ranged from 44 to 48 ppIn oxygen
with an ave ragc of 16. 3 and a standard deviation of 1.6.

A 4et of five similar samples analyzed by diffitsion extraction at 2000 C for 30 hini
yi ,1ded .1.1 to 49 ppm oxygen for an ave rage of 46. 8 and a standard deviation of 2. 2. 'hu.s
good agreemient between the platinum-bath and diffusion-extraction methods is demon-
strated. The 1i ethods show coefficients of variation of 3. 5 and 4. 7 per cent, ressp, tiwoly,
wide h indiate satisfat tory reproducibility of both. In this case the bias toward lower
Valu 's by diffusion extraction was not found.

R.8



Iron-Bath Technique

The platinum-bath technique for the analysis of columbium for oxygen has been
discussed. If the ratio of platinum weight to sample weight is 4:1 and a 3 .5t-g sample is
used (for a precision of *Z ppm) the cost of the platinum would be $8. 82 per sample.I This is based on a turnaround cost for platinum of $0.63 per grain. In view of this cost
it seemed well to evaluate the iron-bath and iron-tin bath techniques reported in the
literature. The results obtained on Lot B columbiurn with a nominal oxygen content of
163 ppm were as follows in Table 4.

TABLE 4. OXYGEN IN COLUMBIUM BY IRON
i AND IRON-TIN BATHS

I Columbium Bath
Sample Composition Temperature, C Oxygen, ppm

1 67% pig iron - 1650 4
33% vacuum-
melted iron

2 Ditto 1650 4
3 50% pig iron - 1850 2001 50% vacuum-

melted iron
4 50/0 pig iron - 1850 43

50% vacuum-
melted iron

5 94% vacuum- 1650 140
melted iron -
6% Baker' s tin

I Ditto 1650 66

I Samples 1 and 2 apparently did not mix with the molten 'ron but lodged above the
melt suspended by a large gas bubble on the surface of the bath.. The Sample 3 analysis

J of 200 ppmn hydrogen Includes that of an additional piece of iron which it was necessary
to drop in order to produce melting of sample. Improper mixing of sample and bath
similar to that of Samples 1 and 2 resulted in the low figure for Sample 4. Sample 5 did
not melt until additional tin was dropped on top of sample, then after 1 hr of gas collection
the blank rate uf the system had not yet been reached. Gas from Sample 6 was collected
fUr 30 min then analyzed.

Two additional analyses of Lot B colunbium were made using the iron-tin bath
(94 pm r cent vacouma-muelttd iron -- 6 per cent Baker' s tin) at 1650 C with a minimum of
ZlU-min extraction. The results, 114 and 101 ppm oxygen, were quite low,

Thr.e monre samples were analyzed by the iron-bath method at 1850 C for Z0 min.
Despite t he use of tin additions before each samnple the consecutive. results were 148,



138, and 108 ppm oxygen compared with the nominal 163 ppm. Although the iron-bath
experiments were few, there is no justification of further study of this technique.
-Certainly the low-cost, trouble-free platinum bath demonstrated in this study obviate-s
the need for a different bath technique.

Analysis of Columbium Shot

In a preliminary report of results of the ASTM Columbium Task Force, Sub-Group
on Oxygen in Columbium, Battelle' s initial results on samples of D3A and D3B column-
bium shot (about 1/32 inch) were somewhat higher than the group average. In addition,
the D3A shot showed particularly high deviations. For sets of five samples each, D3A
showed an average of 10Z ppm oxygen with a standard deviation of 21. 5 and coefficient
of variation of Z1. 1 per cent; DJ3B showed an average of 172 with a standard deviation of
12.4 and coefficient of variation of 7. 2 per cent. Group averages for D3A and D3B were
62 and 142 ppm, respectively, by the platinum-bath technique. Since there was a great
disparity between the poor agreement among these results and the good agreement among
results obtained on project (WAL) columbium, it was deemed of value to study further the
analytical behavior of the columbium shot.

L

The analysis of shot differed from the conventional analysis in that removal of sur-
face films was no, possible and incapsulatlon (in tin) of the sample was necessary for
handling the sample. In the present analysea care was taken to minimize the weight of
the tin wrapper. The almost perfect agreement of Battelle' s platinum-bath results with
the ASTM results is shown in Table 5. Battelle' s average analysis for Sample D3A was
63 compared with the ASTM 62 ppm oxygen, and analysis for Sample D3B was identical
with the ASTM 142 ppm. Also, the consistency of the results is excellent.

TABLE 5. OXYGEN IN ASTM COLUMBIUM SHOT

Oxygen, ppin
Standard Coefficient of

Analysis Ave rage(a) Deviation Variation, per ctunt

Sample D3A

D)iffusiun extraction, 76 7.5 9.9
2000 C

Platinum bath, 63 Z. 3 3.7
1900 C

ASTM Group 62. --..

Sample D 3D

Diffusion extraction, 145 3.9 2.7
o000 C

l'latinuin bath, 142 1. 6 1. 1
1900 C

A5"'M Group 142 . ...

10
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Diffusion-extraction analyses of Sample D3B at 145 ppm agree well with the 142

j ppm by the platinum-bath technique. However, for Sample D3A the diffusion-extraction
res!to( 76 ppn is high compared wi-th t~he 6Z or 63 ppm by the platinum bath. The

-ressults.) also show more variation.- N .STM 4iffun-extractin yaluea•m •reavailable
for comparison except those of the Du Pont Experimental Station which reports 72 ppm.

The earlier discrepancies in Battelle results are now believed to have been due
largely to variations in oxygen content of the tin-foil sample wrapper as later demon-
strated by several analyses of random samples from the tin-foil stock. Interference
from this source becomes practically negligible (at columbium oxygen levels of 50 ppm
and higher) if a minimum uniform weight of tin is used in each case. Also, tin is be-

lieved to be a possible cause of higher results for columbium shot by diffusion extraction.

That is, during its rapid evaporation from the crucible it may bombard cooler parts of
the crucible and furnace walls releasing adsorbed oxygen.

One other possible cause of high and erratic oxygen analyses of columbium shot
was investigated. Since it is routine to rinse certain samples in acetone there was some
question as to whether the ASTM columbium shot had been rinsed. To check this, shot
from the vial of D3A shot yielding erratic results was carefully analyzed without a
rinse. Two samples gave 81 kl ppm oxygen by diffusion extraction at 2000 C or essen-
tially the same as some of the results included in the average of 76 ppm reported in
Table 5. Two samples of the latter material rinsed in reagent-grade acetone analyzed
87 ppm each. This showed that there is a strong probability that the acetone rinse added
about 10 ppm oxygen to these samples.

Oxygen-Doping Experiments

In view of the very satisfactory reproducibility of oxygen analyses of columbium by
the platinum-bath technique, an attempt was made to determine the accuracy of the
analyses by making measured additions of oxygen (doping) to oxygen-free or low-oxygen
columbila.n, To obtain low-oxygen columbium it was decided to reduce the oxygen con-
tent of the Lot B columbium. This was done by electron-beam melting in the following
manner. Four 10-g charges were placed in depressions in a water-cooled copper-slab
crucible. Each charge was melted, increasing the electron-beam power within the
limit of the supply until the system pressure decreased to about 3 x 10-5 mim of mercury.
Each 10-g charge was remelted four times inverting the charge between melts. Pairs
of charges were then consolidated into two Z0-g buttons and inverted once and remelted.(Considerable outgassing was noted during the initial melting of the 10-g charges.

Two samples from each 20-g button were then analyzed by diffusion extraction at
2000 C. One button gave 22 and Z3 and the other 7 and 8 ppm oxygen. Hydrogen was at
1 ind nitrogen at 7 ppm, both close to their limits of detection.

The reiniainders of the buttons were doped with 30 ppm oxygen in a rnicro-Sieverts
applratus to produce nominal compositions of 37, 53, and 54 ppm. Analysis showed
,t6, 62, and 03 ppm, respectively. The consistent diiLcrepancy of +9 ppm oxygen appeared
to be incidental to the micro-Sieverts processing. The limited supply of ]ow--oxygen
cohlnbiuil precluded carrying a blank sample through the process. A less expensive
sourc'e of low-oxygen (<20 ppm) columbium was sought. Inquiries to manufacturers in-
dik ated that such metal is not presently being produced commercially.

11



Tantalum

14 thix-ý-BAtl Tbchnique

A series of eight Z-g tantalum samples from consecutive positions in the rod
(Wah Chang) was analyzed by the platinum-bath technique with a Pt:Ta ratio of 4:1 at
1900 C for 30 min. Table 6 shows that oxygen averaged 103 ppm with a standard devia-
tion of 2. 8 and a coefficient of variation of 2. 7 per cent. It was also observed that hy-
drogen values were quite consistent at 4 ppm which agrees within the limits of experi-
mental error with the diffusion-extraction result of 3 ppm. Nitrogen values averaged
48 with a standard deviation of 4.9 ppm and a coefficient of variation of 10. 3 per cent.
The platinum-bath nitrogen is roughly four times that obtained later by diffusion
extraction.

TABLE 6. OXYGEN IN WAH CHANG TANTALUM
USING A BATH OF Pt:Ta = 4:1

Oxygen, ppm (X - X) (X -X)

105 * 3 2 4
99 -4 16

103 0 0
102 -1 1
106 3 9
104 1 1
100 -3 9
107 4 16

X= 103 Z=l = 56

Note: Standard deviation 2.8 ppmn
Coeffilcint of variation = 2. ' per cent.

In view of the excellent oxygen results obtained on columbium by the platinum-bath
niethod with a Pt:Cb ratio of 1:1, similar runs were made on tantalum. The extraction
was made on Z-g samples at 1900 C for a minimum of 20 min. Platinum equal in weight
to the following sample was dropped and degassed before dropping the sample. Three
samples (nominal oxygen, 103 ppm) analyzed 72, 81, and 102 ppm. The first sample
did not melt, perhaps because of poor contact with the small value of platinum. It
melted with the next addition of platinum. The second and third samples melted on
dropping. The cause of the low second result is believed to be the short (Z0 sin) extrac-
tion time. A 30-min extraction of the third sample yielded the correct value. It appears
th.-t the longer time is required for complete extraction.

Another series of analyses was made using the same relative weights of platinum
t.ad tintailwn. Huwcver, all the platinum was melted first and degassed. The Pt:Ta ratio
was u: I for first sample and about 1:1 for the last sample. The results are listed in

Table 7.
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TABLE 7. OXYGEN IN TANTALUM
USING A BATH OF
Pt:Ta- 6:1 to 1:1

Z

i Sample(a) Oxygen, ppm

28B 94
29A 1ZZ
29B 100
30A 1041 30B 99

Note: Average = 104
Standard deviation = 10.8 ppm
Coefficient of variation - 10.4 per cent.I (a) The number indicates the disk, A and B the halves.

The standard deviation is only slightly higher than that for the larger columbiumn series
at Pt:Cb = 1:1 (see Table 2) but the coefficient of variation is twice as high because of the
difference in oxygen level. It is concluded that samples of either columbium or tantalum
may be added to a platinum bath until the Pt:M ratio is reduced to 1: 1 without measurably
affecting the oxygen analyses.

I Diffusion-Extraction Technique

The 3-ft length of 1/2-in. -diameter high-purity double arc-melted tantahtu-n rod
received from the Wah Chang Corporation and certified to contain <50 ppm oxygen was
checked for oxygen homogeneity. Results by diffusion extraction at 2000 C ranged from
74 to 126 ppm. Hydrogen was consistent at 3 ppm and nitrogen ranged from 8 to 18 ppm.
That the nitrogen recovery was quite incomplete was shown by the platintumn-bath study.

A series of six consecutive 2-g samples of tantaltun rod analyzed by diffusion
extraction at 2000 C for 30 mrn averaged 93 ppm oxygen with a standard deviation of Z. 4
and a coefficient of variation of 2. 6 per cent. The individual analyses appear in Table 8.
These samples were taken adjacent to those previously analyzed by the platinuna-bath
technique. It is seen that both techniques show excellent reproducibility but that the
diffusion extraction results average 10 ppm lower than those by the platinum bath. It
was thought that a high, r diffision-extraction temperature may be rcquirred.

A study, therefore, was madp of the effect of increasing the diffusion-extraction
temperature for tantaltun from 2000 to Z100 C. Results for five samples at 2100 C
ave raged 96 ppm with a standard deviation of 2.3 and a coefficient of variation of 2. 4
per cent. It is apparent that the increase in temperature had an insignificant effect on
the mwlytical results. A few analyses at 2200 C ranged from 66 to 76 pprm. Variation
in the high blank correction necessary at this temperature may account in part for the
low valuts.

13I



TABLE 8. OXYGEN IN WAH CHANG
TANTALUM ROD BY
DIFFUSION EXTRACTION

Oxygen, ppm (X - X) (X -

94±3 * 3
94 1 1
94 1 1
89 -4 16
96 3 9
93 0 0

X= 93 z 2 1= Z8

Note: Standard deviation = 2.4 ppm.
Coefficient of variation = 2.6 per cent.

Oxygen-Doping Experiments

In order to check the accuracy of the oxygen analyses of tantalum, doping experi-
ments were designed in which volumetrically measured amounts of oxygen were reacted
with individual samples of low-oxygen tantalum. Analyses reflecting the sum of the
small base oxygen content plus the known addition would prove the accuracy of the
analytical techniques used.

A small quantity of low-oxygen 50-mil tantalum sheet was obtained fromn existing
stock at Battelle. Three samples averaged 7 ppm oxygen by the platinum-bath technique.
These and subsequent analyses appear in Table 9. Additions of 30 ppm oxygen were made
to each of six more 3 -g samples. Also, two control samples were heated in vacuum in
a Sieverts apparatus at 900 C for 2-1/2 hr. See Series A and B, Table 9. This simulated
the heating conditions for the doped samples but omitted the gas addition. The control
samples averaged 15 * 1 ppm oxygen by diffusion extraction at 2000 C. Samples of Series
A and B with the gas addition averaged 41 ppm oxygen with a standard deviation of 7. 1
and a coefficient of variation of 17.2 per cent. The discrepancy between the calculated
value after gas addition and the analysis averaged minus 4 ppm. This points to possible
low recovery by diffusion extraction at 2000 C. It was reasoned that the high coefficient
of variation (17. 2 per cent) of these results also might be connected with the diffusion-
extraction method. Therefore &cries C and D samples were prepared and analyzed by
the platinum-bath technique. It is seen that the analyses of control sanmples were con-
sistent regardless of analytical technique. The over-all average of 14 ppm plus the 30
ppm from measured gaseous addition yielded samples with a nominal oxygen composition
of .14 ppm. The platinum-bath results showed the same range of values as the diffusion-
extraction results. This pointed to error in the Sieverts apparatus measurements. Be-
-icuse the ru sidual pressure after doping was negligible the sensitivity of the McLeod gage

Ineasurement of the oxygen addition was reviewed. A very conservative estimate at
nltximtmi error in gage readings would account for only a 1-ppm variation in oxygen

c ontent of the specim en.
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TABLE 9. ANALYSES OF OXYGEN-DOPED TANTALUM

1 Sample Method Oxygen, ppm

Base Platinum bath, 81 1900 C
Ditto 6

Series A

I Control Diffusion extraction, 16
2000 C

Doped Ditto 45
"" 43

"o 
33

i Se rie s B

Control Diffusion extraction, 14
2000 C

Doped Ditto 51

11I 34"it 37

I Se ries C

Control Platinum bath, 14
1900 C

Doped Ditto 56
I " 34

41

Se rie s D

Control Platinum bath, 14
1900 C 36

Doped Ditto 47
"It 37
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An examination was made of the technique used in the doping of tantalum with
oxygen which resulted in the erratic results just described. A temperature of 900 C
had been used in the doping of this material with 30 ppm oxygen. A nonproject study
Sm~•a repntly at Battell oni tle reaction of tantalum and oxygen showed no change in the
rate of reaction with oxygen as the temperature was increased from 600 to 800 C. In-
creasing the temperature to 900 C changed the rate only slightly. Therefore, it was
decided to dope the samples at 600 C instead of 900 C to determine if more consistent
results could be obtained. The results were as shown in Table 10.

TABLE 10. ANALYSES OF TANTALUM OXYGEN-DOPED
BY IMPROVED TECHNIQUE

Sample Method Oxygen, ppm

Control Diffusion extraction,
Z000 C 7

Doped Ditto 35
"11 39
"It 35
"It 42

Average 37.8
Nominal concentration 37

It is seen that a marked improvement in the reproducibility of analyses resulted
when the tantalum was doped at the lower temperature. Two additional groups of tantalum
samples were doped with about 30 ppm oxygen. For the first group, the sample first
was degassed at 600 C for 1-lZ hr. Tank oxygen dried by a Dry Ice-acetone trap was
iqnlated in the calibrated volumc of a McLeod gage. With the degassed sample at 600 C,
the oxygen was expanded into the reaction tube of the Sieverts apparatus. Only a
negligible pressure of gas remained at the end of 1 hr and the sample was cooled and
removed for analyses,

It is seen (Table 11) that the average of the two control samples of thim heri(,s is
15 ppni oxygen. Since the nominal composition of the individual samples varied, the
deviation of the analyses is given. These range from -14 to +16 relative per cent. This
is poorer agreement than reported in Table 10 and necessitates using the earlier high
valute for the control sample.

For the second group, the volume of the reaction section of the micro-Sieverts
apparatus used in this work was reduced and five stopcocks were eliminated from the
main reaction section. The sample degassing period was shortened from 1-1/2 hr to
5 nin in order to lessen the chance of sample contamination during degassing. T'he
re suits for this group of samples aire also given in Table 11.

This set of results is perfect but of course is too brief to be statisticatly reliable.

16
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TABLE II. ADDITIONAL OXYGEN-DOPED TANTALUM SAMPLESI .

Oxygen, ppm Deviation,
Sample Added Analyzed(a) relative per cent

First Group

Control (before) -- 16

Doped 30 40 -11
28 50 +16
28 43 0
27 36 -14

Control (after) -- 14
I Analysis avg 42

Nominal avg 43

I Second Group

Doped 29 35
29 35

Control -- 6

I' Third Group

Control (before) -- 7.7
Doped 29.6 35

29.0 34

29.5 33
Control (after) -- 7.2

j (a) By difftuion cxtraction at 2000 C.

A third group of tantalum sheet samples oxygen doped in the same manner were
analyzed by the same technique, diffusion extraction at 2000 C. Two control samples
were prepared, one before and one after the series of dopings.

It is seen that there was no detectable pickup of oxygen by the control sample. The
analyses average 3 ppm or about 10 per cent low. This indicates that the accuracy is at
least this good. Since the data show a negative bias, the error may be due to the
diffusion-extraction technique and not the doping process. It is tentatively concluded
upon the basis of the limited data in Table 11 that the accuracy of the diffusion-extraction
technique for oxygen in tantalum at the 38-ppm level is quite reasonable and is of the
order of *lO relative per cent.

When further low-oxygen tantalum is obtainable, a similar evaluation of the
platinum-bath technique for tantalum should be made and the question of negative bias
of the diffusi-on-cxtraction technique resolved.
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Molybdenum

Ifon-Bath Technique

A Z0-ft length of low-oxygen molybdenum rod (1/4 in.) was purchased. Six spot-
check samples over the entire length analyzed from I to 4 ppm oxygen for an average of
3 ppm. The analyses shown in Table 12 were made with an iron bath at 1650 C and a
Z0-min extraction. The molybdenum content was limited to 30 weight per cent of the
melt. A series of five 5-g samples taken consecutively from one location in the rod
gave an average oxygen analysis of Z. 3 ppm with a standard deviation of 0. 4 and a
coefficient of variation of 17 per cent. These results also appear in Table 1Z. This is
quite excellent reproducibility since the sensitivity of measurement of this level of
oxygen in the apparatus is conservatively stated as equivalent to about 50 per cent. This
very-low-oxygen molybdenum seemed to be a satisfactory base material for doping
experiments. However, some difficulty in making oxygen additions was anticipated be-
cause of the volatility of MoO3.

TABLE 12. OXYGEN IN MOLYBDENUM ROD USING AN IRON BATH

Random Samples Consecutive Samples
Oxygen, ppm (X - X) (X - Oxygen, ppm (X -X) (X -

411 1 1 3* 1 0.8 0.64
1 *.2 4 2 -0.2 0.04
3 0 0 2 -0.2 0.04
Z -1 1 2 -0.2 0.04
4 1 1 2 -0.2 0.04

4 1 1 X Z.2 Z= 0 ;-0.80
X 3.0 =0 ) 8

Note: For random samnplcs
Standard deviation 1. 3 ppmn
Coefficient of variation = 42 per cent

For cotuectttive samples
Standard deviation = 0.4 ppm
Coefficient of variation = 18 per cent.

Platintun-Bath Technique

A series of four 1. 5-g samples of molybdenum rod (nomninal 2. 3 ppm oxygen) waH
analyzed for oxygen with a platinum bath at 2000 C for 30 min. The Pt:Mo ratio rknk, d
from 30:1 to 10:1. The minimwn ratio and extraction tempe rature were based on the
tnolybdenutm-platinTmL phase diagram (see the Appendix). The results were 3.5, 4.8,
5. 2. and 6. 2 ppm oxygen for an average of 4. 9 pprn. These valhes are of the samtne orlder
as those obtained with the iron bath but enough higher to raise the qucstion of act: xrarcy.

Only f-rther study could determine if the cxtraction is more completv with thi jplatinu1m
hath .and which t(cinhiqs•e is more accurate.
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Oxygten-Doping Experiments

! . .Two samplesof molybdenum with a base analysis of 2 to 4__ppm oxygem were doped

-- i!th l;iiridý'ý0-pp-m-oxy-gent0t550C. Ahlyses-by-Aron b at 1t)65.00-C shdowd. lIand- 23
S ppm respectively. The sample appeared to dissolve without difficulty. At this time,
further doping experiments with molybdenum were postponed in favor of similar work
on tantalum.

Tungsten

Iron-Bath Techni ue

Two l/8-in.-diameter zone-purified tungsten wires were furnished by
Mr. Judson Graab of NASA at Lewis Flight Center. These were analyzed by the iron-
bath technique with the results shown in Table 13. The technique labeled "pressure
drop" is the normal fractional freezing technique where the gases are frozen out one
after the other. The expansion technique is to freeze out all gases but nitrogen which
is pumped out and to expand the CO 2 while retaining H 2 0 as ice. The results on 2-g
samples by expansion and 0.2-g samples by pressure drop were comparable. However,
results on 0. Z-g samples by expansion were 2 to 3 times as high. The limited precision
or fluctuations in the rather high blanks do not explain the discrepancy. It would be of
interest to determine if this represents a weakness in the expansion technique or an
apparatus "peculiarity".

Platinum-Bath Technique.

Before finding the W-Pt phase diagram (see Appendix) a series of four 0. 3 -g
tungsten (NASA) samples were analyzed in a platinum bath at 1900 C for 20 min. The
Pt:W ratio ranged from 12:1 to 3:1. The results were 3.6, 3.9, 2.8, 4.1 ppm oxygen
which agree well with the previous iron-bath results. However, examination of the ingot
showed that two samples, presumed to be the last, had not melted. Three other larger
(2 g) samples analyzed with a constant Pt:W ratio of 4:1 yielded 3.1, 3.0, and 3.3 ppm
oxygen. Extraction appeared complete in 10 min. Large unmelted portions of each
sample were found imbedded in the ingot.

After finding the W-Pt phase diagram, three 0. 4 -g samples were set up with the
PL:W ratio to range from 26:1 to 10:1 dropping all platinum initially. As guided by the
diagram, the temperature was raised to 2000 C: the extraction time was kept at 20 ruin-
utes. The results were 14, 14, and 17 ppm oxygen or about Z to 3 times previous re-
suits. Whether this was due to the higher temperature is not known. The ingot showed
two incompletely dissolved samples fused in its top.

These results are fragmentary but it seems clear that application of the platinum
bath to tungsten will be difficult. The need for a high ratio of Pt:W and a temperature of
about 2000 C is indicated. Since most of the samples dropped into the platinum baths
did not melt, the gas was actually evolved as in the diffusion-extraction technique. The
bath probably acted as a hindrance rather than a help. The results are almost stuffiient
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TABLE 13. OXYGEN IN ZONE-PURIFIED
TUNGSTEN USING AN IRON
BATH

Maximum Tungsten in Bath = 30 Per Cent;
Bath Temperature = 1650 C;

Extraction Time = 20-30 Min

Technique Oxygen, ppm

Z-G Sample s(a)

Expansion 3.5
Expansion 4. 0
Expansion 4. 1

0. 2 to 0. 3-G Samples(b)

Pressure drop 5
Pressure drop 6
Expansion 11
Expansion 11
Expansion 14
Expansion 11
Expansion 18

(a) Prccislon = 0.2 ppm
Blank = 42 pcr cent of total.

(b) Precision = 2 to 1 ppm
Blank = 75 per cent of total.

to condemn the platinum-bath techniquc for tungsten. Some confirmation of the diffusion-
extraction method is needed. If it should prove satisfactory, then, the choice of methods
for dettrmining oxygen in tungsten would appear to be between it and the iron bath.

APPARATUS AND COMPONENT DESIGN AND OPERATION

Recently, there has been much activity in devising other teclhriques than the uskial

fractional freezing or dry chemical absorption of the low-pressure gas for analyving thev
gases evolved in vacutun-fusion analysis. Because of their newness or limited employ-
ment the alternate teclhiques have not been scrutinized by enough analysts to confirln
their validity or point out their weaknesses. Therefore, two such teclhiques were
,.vuthttid its part of this investigation. These are the use of a I opcalite-Ascarite nlix-
tu re for fast ibsoerptiun of carbon nitonuxide and the substiltutioni (f the entire7 analyticaln
train by a chroinatograph.
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HOPCALITE-ASCARITE ABSORBENT

A Hopcaiite-Ascarite mixture has been used by Covington and Bennett( 4 ) for the
rapid determination of oxygen in titanium. This absorbent is also used in a commercial
apparatus of the Covington design manufactured by the Laboratory Equipment Corporation.
It appeared of value to evaluate the absorbent for speed and completeness of pickup of
CO and for possible interference by unwanted pickup of hydrogen.

The performance of two lots of Hopcalite used in rapid vacuum-fusion analysis was
examined. One lot was from the Laboratory Equipment Corporation (LECO) and the other
from Mine Safety Appliances Comnpany (MSA). Mixtures of 25 g of Hopcalite and 25 g of
Ascarite were inserted in a micro-Sieverts apparatus and operated at room temperature.
Gas additions to the apparatus were metered roughly from a gas buret and measured
exactly with a McLeod gage in the calibrated system.

When l-ml additions of CO were admitted to the LECO Hopcalite mixture 96 per
cent was absorbed in 5 sec and 99 per cent in 5 min. Little or no further pickup was
observed at the end of 15 min. With smaller additions of 0. Z5 ml, 90 per cent was
absorbed in 5 sec and 99 per cent in 5 min. The MSA Hopcalite had a slower initial
reaction. Only 80 per cent of 1 ml and 63 per cent of 0. 25 ml of CO was absorbed in
5 sec. In both cases, absorption was about 99.5 per cent complete in 5 min. Thus it
was demonstrated that the I-Iopcalite-Ascarite mixture is a means of rapid and complete
(from a practical standpoint) absorption of CO.

However, two tests made with 1-ml additions of hydrogen showed a possible
absorption of about 10 per cent in 15 min by LECO Hopcalite plus Ascarite. Two 0. 25-
ml additions showed a 30 per cent absorption in one case and nil in the other. Because,
in the analysis of titanium, the absorbed gas is assumed to be all CO, simultaneous
absorption of hydrogen might invalidate the results. Therefore, the extent of this inter-
ference was evaluated. The experimental data for LECO Hopcalite are given in Table 14.
Hydrogen volume additions of about 0. 25 and 1.00 ml STP were made. Measurable
absorption occurred in as little as 5 sec and increased with time. The trend was con-
firmed by readings of 23 per cent absorption after 75 min and 94 per cent absorption
overnight. In contrast, helium showed the same absorption in 24 hr as hydrogen did in
5 sec (about 2 or 3 per cent). Only minor corrections were required for the long-time
virtual leak rate of the apparatus.

To put the data on a meaningful basis an absorption time of 5 min and a sample
(titanium) weight of 0. 25 g was assumed. To yield 0. 25 ml of hydrogen the sample would
analyze 90 ppm (1.0 ml - 360 ppm) which is a high but not unusual hydrogen content.
Assumingi a typical 5 per cent or 0. 0 125-ml absorption of hydrogen calculated as CO, thi
oxygen value would be high by 36 ppm. This discrepancy probably would not be con-
sidered important in routine control analysis, particularly if the hydrogen content vani

lower than the 90 ppnm of the example. However, where an exact measurement uf oxygen
content ot! titanium is required it would seem best to avoid the Hopcalite-Ascarite mixttire.

(|) I,. t CoV11htoIn ad S. J Dennncll, Anai ctl Chcninrr1  Ji2, 133t4- 13I1 ti0).
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TABLE 14. HYDROGEN ABSORPTION BY A
HOPCALITE-ASCARIT4. MIXTURE

Residue, ml STP, Volune Per Cent Remaining
After Indicated Time After Indicated Time

Added, ml STP 5 Sec 5 Min 15 Min 5 Sec 5 Min 15 Min

1.02 0.986 0.967 0.933 96.7 94.8 91.5
1.00 0.979 0.956 0.925 97.9 95.6 92.5
1. 00(a) 0.964 0.945 0.915 96.4 94.5 91.5
1 . 1 2 (b) 1.05 1.03 0.996 93.8 92.0 88.9
0.25 0.247 0. 241 0. Z33 98.8 96.4 93. Z
0. Z8 0.256 0.248 0.240 91.4 88.6 85.7

(a) After 75 miin 0.7V2 ml or 77.2 per cent remained.
(b) After 1060 mrin .0621 mln or 6.64 per cent remained; using helium (1.05 ill), 97. Z pur cunc remained after 1480 ruin. Long-

time blanks equaled 0.0157 ml hydrogen per 1000 rain.

In analysis for oxygen in columnbiumn or tantalusi, the samrple size would usually be
higher by a factor of 10 and the discrepancy correspondingly lower. Thus, the discrep-
ancy for these metals would not be significant except for samples containing about 30 ppm
oxygen which was associated with greater than 10 ppm hydrogen.

CHROMATOGRAPH

An exploratory experiment at Battelle 2 years ago indicated the feasibility of
analyzing by gas chromatograph for quantity and type of gas mixture evolved in vacuwAU-
fusion analysis. Since then, successful application of the chromatograph to vacuum
fusion has been reported by Dr. A. J. Frank at Denver Research Institute(5), by
Dr. 11. Feichtlnger of the Georg Fischer Company, Schaffhausen, Switz',rland( 6 ), and by
the W. C. Heracus. GMBH, Hanau, West Germany(7), in their vacuwum fusion analyzer
V11-6. At the recent meeting of the ASTM committee on oxygen In columbilwi in
PittsbLurgh, Dr. Velmar A. Fassel reported a similar application of the chromatograph
to gases evolved by arcing a sample in an inert gas atmosphere. Because one of the
goals of this study was to make recommendations for redesign of vacuum-fut;ion apparatus,
an exploratory test was started on the use of a combination of vactum-n-fusion and chronma-
tog raphi c equi lpm ent.

Gas-Chroato r ahyEi m ent

The gas chroniatography was done with a dual-colunin, dual-detector instrurment.
The ess entijal oinponients of the chromatograph are shown in Figure 1. After the heluilt

A) , I Fr.|iik ndJ i E. Schmit dt, "Analysis of Oases ini MN ilt ', Plogfc.• Hvcrxts- No. 1, /I /,/4p %o. 2., li i,/,, ,Llid

N'+o. .. 23, 3ý . (roIll!.iwt A\F c'I;1i;)-I;3Ml , ProJet No l-.73I0 . "ask No. 731;0Ui. J :i+ver ftcRýca';c I; riatute.
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carrier gas passes the two reference detector filaments, R, it may be made to follow
one of two paths.

(1) With the stopcocks on the sample loop closed and the bypass valve
open, the carrier gas enters the silica gel column without entering
the sample loop.

(Z) With the three-way stopcocks properly adjusted, and the bypass
valve closed, the carrier gas flushes the contcnt of the sample loop
into the silica gel column.

The silica gel column retains carbon dioxide for a short period of time but permits
hydrogen, oxygen, nitrogen, methane, and carbon monoxide to pass Detector S 1 and be
recorded as a composite peak on the chromatograph. As these gases enter the molecular
sieves column, the carbon dioxide is eluted from the silica gel column and is recorded
as it passes over Detector SI. The gases from the molecular sieves column are eluted
in the following order: hydrogen, oxygen, nitrogen, methane, and carbon monoxide and
are recorded by means of Detector S2 . The carbon dioxide remains on the molecular
sieves column.

Sampling Procedure

The gas-chromatography sample loop becomes an integral part of the vacuum-
fusion apparatus when the one stopcock is closed and the other stopcock is set to connect
the Toepler pump and the gas sample loop. The gas sample loop is evacuated with the
vacuum-fusion equipment. See Figure 2.

Gases from the vacuum-fusion furnace were collected in Volume A which includes
a McLeod gage and the pressure was recorded. These gases are then expanded into
Volume B which contains the Toepler pump and sample loop. The gases in the Toepler
pump were then compressed in the gas-chromatography sample loop using a single
stroke. Approximately half the gases collected were used for gas-chromatography
analysis and the other half remained in Volume A for comparative results by the conven-
tional vacuum-fusion method.

Internal-Standard Method

To help interpret the chromatograpliic data, it was decided to add an internal
standard to the gas sample. The internal-standard method of analysis, when applied to
gas chromatography, requires the quantitative addition of a known amount of reference
gas to the sample. The reference gas must have an elution time near that of the sample

The pe lak area obtained for the krnuwn quantity uf internal stand,trd t:can then u)w
quaantitatively related to the peak areas of the sanmple components. A correction factor
must be applitd to each gas because each one has a diffe rent sensitivity to the dete-ctor
dkue to the differences in thernial conductivity.

Me.thane, was chosen as the internal standard in this work. A known amount of
methane was added to the gas in Volume A before the gas samn)le waq transfi_,rrrd fromi
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the furnace to Volume A. The amount of methane in the total sample can be calculated
and used for the quantitative determination of each gas in the sample.

Initial Experimental Results

It was shown that for the proposed comparison of usual vacuum-fusion gas
separation and identification the methane standard must be introduced only to the portion
of the gas sample going to the chromatograph. A sample of methane passed over the hot
CuO in the usual manner for vacuum-fusion analysis showed a drop in pressure in
passing through the liquid-nitrogen cold trap. It was assumed that the methane was
cracked and oxidized according to the following equation

CuOCH 4 - C + ZH2 - C02 + Hz2 0.

Since the Dry Ice-acetone removed the HO as it was formed and 1 mole of CO2 replaced
I mole of CH 4 , no net change in pressure resulted until the liquid nitrogen was applied.
About 8 per cent of the CH 4 underwent this reaction in 30 min.

The sensitivity for the gas-chromatography method using approximately one-half
the gas from the furnace and a l-g sample was about 0. 08 ppm oxygen as carbon mon-
oxide or 0. 15 ppm oxygen as oxygen, 0. 15 ppm nitrogen, and 0. 5 ppm hydrogen. The
sensitivity of the hydrogen measurement could be greatly improved by using argon in-
stead of helium as the carrier gas. Complete resolution of the gases and sharp narrow
peaks were obtained in this study.

Improved Procedure and Results

The method of introducing the internal standard (methane) was changed because of
the reaction of CH 4 with CuO. A combination manometer-buret was introduced directly
between Volume A and the Toepler pump. See Figure Z. The buret had an independent
vacuum system and a connection to a lecture bottle of methane. The methane was
stored in the buret until it was ready to be mixed with the sample gas.

The leads from the gas-chromatography sample loop to the instrument were
shortened and smaller-diameter tubing installed. Less tailing off of the sample in the
carrier gas resulted, giving sharper chromatograms.

Sam~ple Analsi

A sample of 3/8-in. carbon steel drill rod was analyzed by low-pressure fractional
analysis (L-PFA) and gas-phase chromatography (GPC). The gas frorn the vacuum-
fusion furnace was divided; approximnately one-half of the sampie gas was mix)cd with the
internal mt.,drla rd and the other h;alf was analyzed by the L-PFA method without inthaine

resent.

The resualts of five determinations are shown in Table 15.
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TABLE 15. (OMPARISON OF RESULTS BY GAS CHROMATOGRAPHYf 1AND LOW-PRESSURE ANALYSIS

Oxygen from CO, ppm Nitrogen, ppm
Drill Rod L-PFA GPC L-PFA GPC

2 16.0 17.6 20.2 19.1
4 19.8 17.4 15.2 11.6
3 Z30.7 Z0.2 21.6 23.2
5 20.5 18.9 14.5 13.0
6 18.2 2 0.4 16.4 16.4IAvg deviation, 1. 7 1. 6

ppm
Max deviation, 2.4 3.6

ppm

Discussion of Results

The differences between the two methods show random variations for both the
oxygen and nitrogen results which are within the accuracy of the methods, except for the
nitrogen result for Drill Rod 4. The attenuation was not properly adjusted when Drill
Rod 4 sample gas was chromatographed. The improper attenuation adjustment neces-

* sitated a different method of calculating the relative amounts of carbon monoxide and
nitrogen present relative to the amount of internal standard present. The difference in
the calculating method is more fully explained in the next section. However, an

* improper attenuation will cause less accurate results regardless of the method used for
calc ulating.

I Calculation of Results

Of the sample gas from the vacuum-fusion furnace quantitatively divided into two
fractions, the known quantity for the gas-chromatography analyses was expanded into the
Toepler pump to which had been added the internal standard. A pressure reading on the
new calibrated total volume of the mixture permitted the calculation of the exact volume
of internal standard added.

I
Other details of operation of the chromatographic system remained as described

earlier. A reproduction of a chromatogram taken from one of the samples analyzed is
shown in Figure 3. The first peak is the composite peak which represents all gases
which might be present, except carbon dioxide, passing through the first detector. The
composite peak is not used in the analyses. The succeeding peaks represent nitrogen,
methane, and carbon monoxide, respectively. A disk -type integrator was used to deter-
minti the relative amount of each gas present. As the recorder pen moves up scale, the
integrator pen increases its rate of movement providing a quantitative relation for the
various gases present. The integrator counts are shown at the bottom of the chromato-
graph. If :A peak is attenuated to keep it on scale, the integrator counts are multiplied
by the attenuator factor. Such factors appear in Figure 3.
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The milliliters of internal standard (methane) in the sample-methane mixturejj | were known, therefore, the number of integrator counts per milliliter of methane could
.be .c_acul ated__ Theý milliliters of carbon monoxid ._and~nitrogen were. then calculated_.by
rela1tig itheW -integar countsfr eac .t -gai tecount~s-per rxijllU~torpf.

~ [ methane, and correcting the nitrogen and carbon monoxide for differences in detector
sensitivity due to the thermal conductivity of the various gases. The milliliters of carbon
monoxide and nitrogen were multiplied by the factor required to account for the portion
of gas reserved for low-pressure fractional analyses. The calculation for Drill Rod 4
was done in the same manner, except that peak areas were used instead of integrator
counts. The calculation from the point where the gas volumes were known was the
same as used for the data from the low-pressure fractional analyses.

I Correction Factors

Quantities of methane, carbon monoxide, and nitrogen were individually measured
into a known volume of the vacuum-fusion apparatus in duplicate. The gases were col-
lected through the Toepler pump and sample loop system and chromatographed. The
sensitivity of each gas to the thermal conductivity detector was determined and correction
factors calculated with methane assigned a value of 1.

The correction factors obtained from the duplicate analyses were 0. 870 for carbon
monoxide and 0. 795 for nitrogen. Values obtained by calculating correction factors from
thermal-conductivity data taken from the Handbook of Chemistry were 0.869 for carbon
monoxide and 0. 793 for nitrogen. It is seen that the agreement is excellent.

Conclusions and Suggestions

I The gas-chromatography method using an internal standard showed promise as an
alternative to the usual analytical train of the vacuum-fusion apparatus. However,( additional determinations should be made on the same sample already analyzed five times
to obtain sufficient data for reliable statistical evaluation. Also a series of samples of
known gas mixture should be introduced to the vacuum-fusion apparatus and analyzed
by both the chromatographic and low-pressure fractional methods. Such a mixture should
be analyzed as samples are now and a sufficient number of runs made to determine
statistical reliability for multiplicate analyses.

After firming up its reliability, the chromatographic technique should prove quite
useful in exploration of vacuum-fusion gases for "odd" gases suspected by some in-
vestilgators and theoreticians as possible constituents of the extracted gases. Of course,
a different internal standard would be required for studies of methane evolution.



RECOMMENDATIONS FOR FURTHER WORK

I. hiw additiqn to.-studie5s on doped samples, validation of accuracy A.o ,#......-
,Apted by the newer technique of neutron activation analysis, The latter analyses may

be provided by Battelle Memorial Institute or other organizations.

Z. The use of a concentrator (Battelle proprietary), coupled with the induction
coil, for heating samples under vacuum should be investigated. If useable this will
obviate the graphite insulation which surrounds the graphite crucible and contributes to
the blank.

3. Research on the use of gas chromatography should continue (1) for the com-
parison with conventional analytical systems and (2) as a source of information on the
uresence of unknown gases.

4. Because of their reported convenience and reliability in separating hydrogen
from other gases palladium filters should be investigated.

5. Platinum-metal ratios should be evaluated further to determine the minimum
ratio which will permit complete gas extraction.

6. Investigations should continue on the platinum-bath, iron-bath, and diffusion
extraction techniques for the gas analysis of molybdenum and tungsten.

7. Investigation should continue on basic factors inherent to vacuum-fusion tech-
nique. For example, discrepancies have been observed, in analyzing small samples,
between the techniques of (1) freezing out and re-expanding for CO measurement and
(2) measurement of CO by pressure difference after freezing. The results did not differ
when larger gas volumes were obtained from larger samples. A critical look should be
taken at this anomaly, which may lead to serious error.
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APPENDIX

ij~PHASE DIAGRAMS :PERTINENT- TO-W--THE YACTUM.-FUSlONI "ANALYSIS OF REFRACTORY METALS

Phase diagrams pertinent to the study are presented on the following pages. They
were extracted from DMIC Report 15Z, April ZU ' 1961. See Figures 4, 5, 6, 7, 8, and
9. These are for the Mo-Pt, W-Pt, Cb-Fe, Ta-Ye, Mo-Fe, and W-Fe systems,
respectively.

3
I
i
I
[
I
i

31



2800

- 4800
2600

2400 Liquid - 4400

2200 4000
Mo + L + L 2100

2000 1 3600o _)_ LL

"- 18002 32002o 0

a 1600 Q
E - 2800

SPt
1400 MO +

- 2400

1200
-2000

1000 
al a+0 2

S1600
800 -

600 -,1200

Mo 10 20 30 40 50 60 70 80 90 Pt

Weight Per Cent Platinum

FIGURE 4. MOLYBDENUM-PLATINUM SYSTEM

Knapton verified Raub's findings of an Intermcdlate phase e with a

hexagonal-close-packed structure. with a w 2.80 A and c/a n 1. 603, at
the molybdcnum side, and a - 2. q86 A and c/a - 1.611, at the plathium
side, a 1 is face -centered tetragonal with a = 3. 895 A and c/a - 1.008 to

1. 009. Tire solubility of platinum in molybdenurm is very ilight.
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FIGURE 5. TUNGSTEN-PLATINUM SYSTEM

The maximum solubility of platinum in tungsten at the solidus tem-
perature lies between 4 and 6 weight per cent platinum. Platinum
and tungsten form a series of solid solutions up to a maximum of
62 weight pet cenrt tusigsten. Nemllov found evidence of an order-
disorder tranusformation in the range of 75 atomic per cent tungsten
(76 weight pet cent).
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The plhase diagram prepared by Goldschnldt shows a htigh-
temperature (7-phase similar to ofther tranaition-metal systems.

FcC3is al vr/-carbidc-type structure with a . 11.23i) lX.I

P,.2Cb it isvotypi¢ withi MgZ|s2 with a '14.830 A, cm 7 '.822 A.

and c/a u 1. 632. Ifht te:rminal solid soiutiorU of columibium
lin irol antd of' ironi Its coiwisibium are small and decruasc with
deccreasing te inperatutre.
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FIGURE 7, TANTALUM-IRON SYSTEM

TaPe 2 hu the Mgzn 2 (C14) type of saucture with A a 4.81 A,

c a 7.85 A, and c/A N 1.83. The diagram wu developed by
Gendeta And Harrison.
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FIGURE 8. MOLYBDENUM-IRON SYSTEM

Thc ,-phasc is rhombohedral of the W6Fc 7 (D8,) type, with

a w 8.99 A, a m 30'38.6'. The structure of the a-phase is

tetragonal. with a ! ) 188 A. C a 4;, 1,! A, And4, 8 a/A 0. A23' at

36 weight per cent iron (50 atomic per cent). Thrce are 30 atoms

per unit cell. The solubility of iron in molybdenum is 10,,5 6.7,

.1. 8, 3.6. and 2.7 weight per cent at 1480, 1400, 1300, 1200,

and 1100 C, respectively.
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I FIGURE 9. TUNGSTEN-IRON SYSTEM

WFC 2 is itomorphous with the hexagonal MgZn 2 (C14)
structure, with a = 4. 735 kX. c -7. 706 kX. c/a m 1.627.
,ykes reports the 8 -phase as W2Fe3 with a s 4. q31 kX.

c s- 2b. 76 kX, and c/a - 5.440. The structure haa trigonal
Lauc symmetry with 39 to 40 atoms per unit cell. Arnfelt
rcported the 8-phase as W6Pe 7 (D38 type) with 13 atoms
per uwit cell. The structure Li rhombohedral with a. 9.04A
and a w 30" 30. 5'. The solubility of iron in tungsten Is 0. 8
weight per cent at 1640 C with little change In solubility
with temperature.
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